The humoral immune response is characterized by the synthesis and secretion of IgM and subsequently IgG antibody (1, 2) . The precursors for IgG-secreting cells are the descendants of cells that initially express or secrete IgM (2, 3) . The switch from IgM to IgG synthesis can occur in both small lymphocytes (4-9) and plasma cells (3) . The small lymphocytes that have undergone this switch are thought to be memory cells that give rise to the vast majority of IgG-secreting cells in the secondary antibody response (10) . At the molecular level, two basic mechanisms have been suggested for switching: (a) deletion of DNA 5' to the expressed C either by intrachromatid (11) or sister chromatid (12) recombination or (b) RNA splicing of a single nuclear transcript containing more than one C region (13, 14) .
During the process of antigen-or mitogen-induced switching, B cells expressing two isotypes (e.g., IgM and IgG) have been described. The basis of simultaneous production of two isotypes by a single cell is not well understood . It is possible that DNA rearrangements occur in terminally differentiating cells, whereas RNA splicing occurs in memory cells or in cells producing two isotypes .
The vast majority of studies involving switching have used switch variants of myeloma, hybridoma, and virally transformed cells that have lost their capacity to synthesize and/or secrete one isotype and then express or secrete another. In many cases, it has been found that switching in these neoplastic cells occurs by the activation of two chromosomes (15) or by the use of switch regions outside of those normally used by nonneoplastic cells (16) .
In this study we describe the isolation of a stable switch variant of the in vitroadapted BCL1 cell line (BCL, .BI ). BCL, was the first B cell leukemia described in mice, and was shown to express large amounts of surface IgM and a trace Sepharose-mouse IgG column . 200 ul of 20% vol/vol Sepharose-GARIg was added for 15 min at 37°or 60 min at 4°C . Sepharose was recovered by centrifugation . The precleared lysate was then treated with 10 tcg of the appropriate rabbit antibody for 15 rain at 37°C, followed by Sepharose-GARIg for 15 min at 25°C . Sepharose was recovered by centrifugation and washed three times with PBS . The radioactive Ig bound to the washed Sepharose was extracted with SDS and subjected to SDS-PAGE . A portion of the lysate from radioiodinated cells was treated with 200 A,1 of 10% Staphylococcus aureus . The samples were centrifuged and the SNs were subjected to immunoprecipitation as described above .
SDS-PAGE, Analysis. For the immunoprecipitation of samples prepared from SN of biosynthetically-labeled cells, 7 .5% acrylamide tube gels were used to detect the secreted IgM and IgG . The samples were electrophoresed under reducing conditions for 16 h at 5 mA per tube . The gels were flushed from the tube and crushed into 70 fractions with a Savant gel crusher . The radioactivity in each fraction was determined by liquid scintillation counting . For the samples extracted from radioiodinated cells, we used a 10% slab gel in a Tris buffer system . The gels were electrophoresed at 150 V for 4 h . The gels were then fixed, dried, and exposed to x-ray film (XAR-5, Eastman Kodak Co ., Rochester, NY) with intensifying screen .
Immunofluorescence . 10' cells were harvested and washed in balanced salt solution (BSS) containing 5% FCS and 10 rnM NaN 3 . 10 tzg of primary antibodies were added, and cells were incubated at 4°C for 15 min . followed by three washes in medium . 10 J1 of FITC-conjugated secondary antibodies were then added and cells were incubated at 4°C for 15 min . Cells were washed three times and suspended in 1 ml of medium . Cells were analyzed for the percent positive cells and mean fluorescence intensity (MFI) using the FAGS III (Becton Dickinson, Mountain View, CA) .
DNA Isolation and Southern Hybridization . High molecular weight DNA was isolated as described (27) . 10 1Lg of DNA from each sample was digested with several restriction enzymes (Boehringer Mannheim Biochemicals, Indianapolis, Indiana), and was electrophoresed in a 1 % agarose gel at 40 V for 18 h . The gel was denatured, transferred to a nitrocellulose filter (Schleicher & Schnell, Inc ., Keene, NH) in I OX SSC (1X SSC is 0 .15 M NaCl, 0 .015 M Na 3 citrate) (28) , and the filter was hybridized for 18 h at 42°C in Denhardt's solution (0 .02% Ficoll, 0 .02% polyvinylpyrrolidone, and 0 .02% BSA) containing 5X SSC, 50% deionized formamide, 100 ug/ml herring sperm DNA, 30 tLg/ml polycytidylic acid with 2 X 10 6 cpm/ml of 38 P-labeled probe (described below) . Filters were washed in 3X SSC plus 0 .1 % SDS at room temperature, followed by 0 .1 x SSC and 0 .1% SDS at 42°C for 1 h . They were then dried and exposed to x-ray film (XAR-5, Eastman Kodak Co .) at -70°C for 3 days with intensifying screens . RNA Isolation and Northern Analysis. Total cellular RNA was isolated from the hybridoma cell lines and from the BCL, .B, parent line and the BCL, .2 .58 variant according to Chirgwin et al . (29) . 2 .5 kg of the appropriate control RNA (isolated from hybridoma cell lines secreting either IgM, IgGl, IgG2b, or IgG3) or 15 tzg of RNA isolated from BCL, .B, and BCL, .2 .58, were dissolved in denaturing buffer containing 6% formaldehyde, 50% deionized formamide, and 40 mM 3-(N-Morpholino) propanesulfonic acid (MOPS) buffer . Samples were heated to 90°C for 2 min, then chilled and electrophoresed in 2% agarose gels in MOPS buffer and 6% formaldehyde . After 6 h of electrophoresis at 175 V or 20 h at 50 V, the gels were washed three times with H2 O at 65°C, and were stained with ethidium bromide to identify the 28S and 18S (eukaryotic), 23S and 16S (bacterial) ribosomal RNAs, which were used as molecular weight markers . The gel was transferred to nitrocellulose filters in IOX SSC, and filters were hybridized for 16 h with 1-10 X 106 cpm/rnl of 32 P-labeled DNA probe in a manner analogous to Southern hybridization, except 30 ug/ml of polyadenylic acid was added . Filters were washed in 3X SSC in 0 .1 % SDS at room temperature followed by 0 .1 X SSC in 0 .1 % SDS at 42°C for 1 h before drying and exposure to x-ray film (XAR-5, Eastman Kodak Co .) at -70°C for 1-3 d with intensifying screen . Preparation of DNA Probes . Genomic (J 3 J 4 and y3) and cDNA constant region probes (y 1, y2b, ju) were prepared by isolation of fragments prepared by treatment of the 30 20 10 BCL, 2-58 DNA with endonucleases from previously characterized recombinant clones (see below) . Fragments encoding CHs domains of the IgG subclasses show the least homology and were chosen to avoid crosshybridization . The restriction digests were electrophoresed in 7.5% acrylamide gels containing 25% glycerol, and the appropriate fragments were isolated by elution (30) . The yl probe is a 481-bp Hinc II/Hinf I fragment from plasmid pH 21 (31) that includes 51 residues of the CH2 domain and the entire CHs domain. The y2b probe is a 320-bp Sac I/Sac I fragment from plasmid py2b (11)' (32) 
Results
Cells from BCL I .2.58 Clone Secrete both IgM and IgG1. In the initial cloning, the culture SN from the growth-positive wells were assayed for IgM and IgG by a solid-phase RIA . 840 clones were screened and I secreted both IgM and IgG . This clone was selected, expanded, and recloned at 1 cell/well by limiting dilution. A subclone (BCL I .2 .58) was selected and subjected to further characterization . Another subclone, BCLI .2 .62, which secreted only IgM, was also selected . 5 x 104 BCL I .2.58 cells in 200 A,1 of medium were cultured in 96-well microtiter plates . SN from BCL I .BI (the parent clone) and BCL I .2 .58 cells cultured in microtiter plates were collected for 6 consecutive days and assayed for the presence of IgM and IgG1 by RIA . Fig . 1 shows the kinetics of accumulation of IgM and IgGI in the medium. Levels of IgM and IgG1 increased in the culture SN of BCL I .2 .58 for^"3 d. The ratio of secreted IgM to secreted IgG1 was constant (19 :1) throughout the 6 d of the culture period . No IgG2a, IgG2b, or IgG3 was detected in the culture SN (<1 ng/ml) . IgM, but not IgGI, was detected in the culture SN of the parent BCLI .B I line (Fig. 1) .
To confirm that the BCL I . We noticed that there is a discrepancy in the IgM to IgGI ratio as assayed by RIA vs . immunoprecipitation . This discrepancy is most likely due to the fact that the RIA is independent of antibody avidity and generally approaches completion, whereas immunoprecipitation does not.
To determine whether every cell from the BCLI .2 .58 secreted both IgM and IgGI, a single-cell cloning assay was performed. Cells were sorted by the FACS and single cells were deposited in 960 separate wells. Cells grew in 307 wells and all growth-positive wells contained secreted IgM and IgG 1, as determined by RIA . These data indicate that every cell from the BCL I .2 .58 clone secretes both IgM and IgGI .
Surface Phenotyping of the BCL I .2.58 Cells . To determine which sIgs were expressed on the BCL I .2 .58 clone, cells were harvested, washed, and reacted with GAj, GAS, F(ab')z RAM-y, or RABCLIId, respectively, followed by incubation with F(ab') 2 fragments of FITC-RAGIg or FITC-GARIg as required . The stained cells were analyzed on the FACS . F(ab')2 fragments of normal rabbit or intact RACIVA antibodies or normal goat IgG were included as controls for the primary antibodies . Fig. 3 shows the fluorescence profiles of BCL I .2 .58 cells stained with GAMju and F(ab') 2 fragment of RAM-y, respectively . These and other immunofluorescence data are summarized in Table I RELATIVE FLUORESCENCE INTENSITY FIGURE 3. BCLI .2 .58 cells express both s1gM and slgG as determined by analysis on the FACS . 106 BCL, .2 .58 were harvested, washed, and reacted with : (A) GAMu (-) or normal goat IgG (---); (B) F(ab')2 fragments of RAMy (-) or normal rabbit IgG (--), respectively, followed by incubation with F(ab') 2 fragment of FITC-RAGIg (A) or FITC-GARIg (B); they were then analyzed on the FACS 111. 105 cells were analyzed for each sample and the data were expressed as histograms . Data are expressed as % positive cells reacting with the indicated antibodies. 10 6 cells were harvested, washed, and reacted with 10 ug of GAMu, GAMÓ, F(ab')2 fragment of RAMy, RABCL, Id, normal goat IgG, F(ab')2 fragment of normal rabbit IgG or RAOVA, respectively . The cells were then washed and were incubated with 10 ul of FITC-GARIg or F(ab')2 fragment of FITCRAGIg, and they were then analyzed by a FACS III. All the data are an average of three determinations . * MFI, mean fluorescence intensity. Analysis of sIg by Radioiodination . To confirm the presence of both sIgG and sIgM on the BCL, .2 .58 cells, and to exclude the possibility of cytophilic attachtnent of IgG, cells were radioiodinated, the lysates were precipitated with the appropriate antibodies, and were analyzed by SDS-PAGE . As shown in Fig. 4 To prove that the 62-kD molecular weight species was a y chain, the lysates were first treated with GAMj-Sepharose and the SNs were precipitated with RAMy or RABCL I Id followed by absorption of the immune complexes to GARIg-Sepharose . The immune complexes were eluted and electrophoresed To determine which subclass of IgG is expressed on the BCLI .2 .58 cells, the lysate of radioiodinated cells was treated with GAMEL-Sepharose and 200 j,1 of 10% S. aureus. The SN was then treated with RAML, RAMyl, RAMy2a, RAMy2b, or RAMy3 and then GARIg-Sepharose . It was found that S. aureus did not remove the 62-and 25-kD species, whereas RAML and RAMyI but not RAM-(2a, RAMy2b and RAM-y3 subsequently precipitated sIgG (data not shown) . Therefore, the BCLI . Northern Analysis of BCL I.2 .58 RNA . Total cellular RNA from BCLI .B I , BCL I .2 .58, and from various hybridomas was purified and analyzed by Northern blotting . When probed for a (Fig . 7 a) , two hybridizing species were observed for both BCLI .B I (lane 1) and BCL I .2 .58 (lane 2) at^. 2 .6 and 2.2 kb, which correspond to the pm (2 .7 kb) and /As (2 .4 kb) forms of the RNA (39) . Conversely, when filters were probed with the^yI-specific probe (Fig . 7b) , the membrane (3 .5 kb) and secreted form (1 .7 kb) of the yl mRNA were detected in the preparation of BCLI .2 .58 RNA (lane 2), but not in the BCLI .B I RNA (lane 1) . As in the case of i mRNA, the yl mRNA in the BCLI .2 .58 cells migrated slightly faster than those in the control (lane 4), most probably as a result of loading differences between lanes, since we have consistently observed that the 28S and 18S ribosomal RNA migrate further in the lanes with 15 tag of RNA than in those with 2.5 Ag of RNA. In addition, the yl probe hybridized only to RNA from the IgG1 secreting hybridoma (lane 4), thereby supporting the isotype assignment based on serology . The specificity of the yl probe was confirmed by rehybridizing the filters with y2b and y3-specific probes . These probes detected the appropriate control RNAs but did not hybridize to RNA in BCLI .B I or the BCLI .2 .58 cells (data not shown) .
Discussion
In the present report, we describe a variant of the BCLI .B I tumor line which (a) contains mRNA for both the membrane and secreted forms of 'U and -Y1 ; (b) expresses sIgM and sIgG 1 with the same idiotype ; and (c) secretes IgM and IgG 1 . Thus, unlike the parent line, which expresses high levels of sIgM (and low levels that was generated by immunization of rabbits with BCL,-IgM . The Southern hybridization data further support this notion, in that only a single VDJ,,zcontaining fragment was detected when various digests of genomic DNA were probed with a JH fragment . This implies that the same VDJ is being used for both fe and yI . However, proof that IgM and IgGI of BCL I .2 .58 have an identical heavy chain variable region will require amino acid or cDNA sequencing of the tt and y 1 chains .
Individual B cells are reported to express multiple isotypes other than IgD (13, (40) (41) (42) (43) (44) (45) . Rudders et al. (40) and Gordon et al . (44) reported that human B cell tumors express both IgM and IgG. However, these studies did not completely exclude absorption of IgG to the cell surface via Fc receptors. In our studies, the higher molecular weight membrane forms of y and y chains were shown unequivocally by radioiodination and immunoprecipitation. In addition, all the cells from BCLI .2.58 secrete both IgM and IgGI . The simultaneous synthesis of IgM and IgGI by the clonal population offers a unique model to examine the molecular mechanism(s) underlying this dual expression .
The coexpression of IgM and IgGI on the cell surface, as well as the simultaneous secretion of both isotypes, deserves comment. The BCLI .2.58 was selected based on secretion and was then found to express both sIgM and sIgGI . Switch variants isolated from hybridoma and myeloma cell lines were generally selected based on the expression of surface Ig (46, 47) . These variants were also found to be secretion variants . In the studies of Thammana and Scharff (48), however, a hybridoma variant was isolated based on secretion. This variant was found to express IgGI on the surface. It is possible that during normal B cell differentiation, switching from synthesis of IgM to synthesis of another isotype (other than IgD) involves expression of the new isotype on the cell surface, followed by its secretion. An example of this sequence may be the generation of IgG memory cells responsible for secondary antibody responsiveness.
Summary
We have subcloned the in vitro-adapted murine B cell leukemia, BCLI .B I , to obtain a variant that expresses both IgM and IgGI . By fluorescence analysis, radioiodination, and immunoprecipitation of cell surface Ig, and by RIA of medium from limiting dilution cultures, we have shown that: (a) all the cells express and secrete both isotypes . The heavy chains of both IgGI and IgM have the apparent molecular weights of membrane p and yI chains ; (b) both isotypes bear the same idiotype as determined by immunoprecipitation with antiidiotypic antibody, and both use the same VDJ rearrangement as shown by Southern blotting ; and (c) the cells express the membrane and secreted forms of mRNA for both g and y 1 but not y2b or y3. Taken together, the data suggest that all the cells are synthesizing, expressing on their surface, and secreting two isotypes that use the same VDJ rearrangement in the DNA and express the same serological ly-defined idiotype . The molecular basis responsible for the production of the two isotypes in a single cell is the subject of the accompanying paper. Received for publication 27 February 1986 and in revised form 6 May 1986 .
